repressor Gfi1b is important for the maturation of primary fetal liver erythroid cells (6) . MEF/ELF4 also regulates the key aspects of hematopoietic stem cell behavior by controlling movement through the cell cycle from quiescence (G0) to G1 and G1 to S as well as resistance to myelosuppression (7, 8) .
MEF/ELF4 is expressed in cancers such as leukemia (9) , lymphoma, and ovarian cancer (10) . Recently, Totoki et al.
identified an intra-chromosomal inversion (Xq25) in hepatocellular carcinoma that generated a BCORL1-MEF/ELF4 fusion transcript (11 (20) .
In vitro translation
The cDNA molecules of Wt-NPM1 and Mt- 
GST and His pull-down assay
Fusion protein of GST and Wt-NPM1 (GST-NPM1) and GST-NPM1-deletion mutant constructs ( Figure 1C ) were generated by PCR with pcDNA/Wt-NPM1 as a template.
PCR products were cloned in-frame into bacterial expression vector pGEX-T4.
Plasmids that express GST fusion protein Therefore, we decided to focus on the interaction between NPM1 and MEF/ELF4.
RESULTS

Identification of MEF/ELF4-binding protein
Wt-NPM1 interacts with MEF/ELF4 in vivo and in vitro
To To characterize the region of Wt-NPM1 that binds MEF/ELF4, five distinct GST-NPM1
proteins were prepared (Fig. 1C) . GST pulldown assays (Fig. 1D (a) ) and His tag pulldown assays (Fig. 1D (b) ) revealed that the N-terminal region of NPM1 (the F1, F2, and F3 fragments that contain the oligomerization domain) bound to His-MEF/ELF4, unlike the C-terminal region of NPM1 (F4 and F5).
Wt-NPM1 interferes with MEF/ELF4 binding to target DNA sequences
To assess the direct role of Wt-NPM1 in MEF/ELF4 action, we undertook EMSA.
His-MEF/ELF4 bound to the APET probe (1), but no band was observed with His, GST, or GST-NPM1 (Fig. 2) . The shifted band of MEF/ELF4 was diminished when the APET competitor was added to the reaction mixture. 
Mt-NPM1 does not interact with MEF/ELF4 in vivo
Since the mutated region of Mt-NPM1 was Contrary to our expectations, as shown in Fig.   4 , FLAG-MEF/ELF4 protein and V5-Wt-A-NPM1 did not co-precipitate with each other (Fig. 4) . These results showed that there is little in vivo interaction between Mt-A-NPM1
and MEF/ELF4.
Localization of MEF/ELF4 is unaffected by
Mt-NPM1
Having shown that Mt-NPM1 enhances the transcriptional activity of MEF/ELF4, we next assessed whether Mt-NPM1 dislocates MEF/ELF4 into the cytoplasm. We (Fig. 5A (a) ), whereas Mt-A-NPM1 protein localized to the cytoplasm ( Fig. 5A(b) ). Contrary to our expectations, the presence of Mt-A-NPM1 did not affect the subcellular distribution of MEF/ELF4.
Western blot analysis of MEF/ELF4 and Wtor Mt-NPM1 in nuclear and cytoplasmic proteins confirmed the nuclear localization of MEF/ELF4 even with Mt-NPM1 (Fig. 5B) .
Wt-NPM1 inhibits, whereas Mt-NPM1
enhances, the oncogenic activity of
MEF/ELF4
The overexpression of MEF/ELF4 in NIH3T3 cells increases the growth rate, enhances colony formation in soft agar, and promotes tumor formation in nude mice (10) .
To determine the effects of the interaction of (Fig. 6 ).
MEF/ELF4 binds to the HDM2 promoter and activates its expression
In (Fig. 8B) .
DISCUSSION
In the present study, we identified NPM1 to R., Banerjee, R., Grove, C., Wang, W., Liu, P., Wright, P., Arends, M., and Bradley, A. 
Figure 2
EMSA with recombinant His-MEF/ELF4, His, GST, and GST-Wt-NPM1. His-MEF/ELF4 was incubated with GST and GST-Wt-NPM1 at room temperature prior to EMSA by using a biotinconjugated APET probe (lanes 1 4). An excess amount of unlabeled APET competitor was added to the reaction mixtures (lanes 5 and 6). 
